INTRODUCTION
Boreal forest trees obtain inorganic nutrients from a fast-turnover pool recycled within the tree, and from a slow-turnover pool of nutrients recycled through the forest floor (Flanagan and Van Cleve 1983) . The microbial community controls the availability of inorganic nutrients in the forest floor, and carbon availability limits the activity of the microbial community (Berg and Theander 1984 , Flanagan and Van Cleve 1983 , Melillo et al. 1984 or the chemical quality of the decomposing litter (Agren and Bosatta 1987) . Inorganic-nutrient addition does not increase microbial activity (Flanagan and Van Cleve 1983) , although J. Yarie and K. Van Cleve (unpublished data) have observed a small increase in forest-floor respiration following low-level fertilizer applications. The cycling of nutrients from tree to forest floor should respond to fertilization when trees produce litter with higher carbon and nitrogen contents (higher chemical quality for decomposition). This material should increase microbial activity, which would temporarily immobilize more inorganic nutrients in the forest floor. The increased microbial growth may quickly yield a decrease in available carbon. This causes a decrease in microbial community biomass and a subsequent increase in available nutrients for tree growth. This process should continue for a number of years until the inorganic nutrients are tied up in recalcitrant forest-floor organic matter or in tree tissues that are slow to turn over (Flanagan and Van Cleve 1983) .
In the taiga of interior Alaska a substantial shift in foliar chemistry occurs as a result of vegetation changes through the successional sequence. Early in succession plant litter is composed of material high in monomeric phenolics and carbohydrates but low in polymeric phenolics (lignin and tannin); late in succession the material is relatively low in carbohydrates and high in polyphenolics (Horner et al. 1987b) . As succession proceeds, ecosystem-level N cycling shifts increasingly toward internal recycling within the vegetation, rather than fixation, which dominates in the floodplain alder stands of early succession (Gosz 1981 , Van Cleve et al. 1983a , Walker and Chapin 1986 , Horner et al. 1987b ). In later succession or under nutrient-limited conditions, polyphenols in the soil are associated with increasingly complex and recalcitrant organic compounds, which reduce nitrogen mineralization (Van Cleve et al. 1993b ) and capture progressively larger portions of the soil C and N (Horner et al. 1987b ). Both C and N become less available to the soil microbial and plant populations. The relative balance between accessible C and N controls whether the microbes are limited by energy, N, or some interaction of these components.
Key factors in the above scenario are the chemical quality of litter that the individual trees produce and the ability of the microbial community to process this I material. For example in Douglas-fir, within-species litter qualities vary with N-status (Horner et al. 1987a) , which is influenced by soil nutrient supply, water availability (Horner et al. 1987b) , and herbivory. The litter chemical quality impacts decomposition and nutrient availability (Horner et al. 1987a , Van Cleve et al. 1993b ) in a number of forest types found within the taiga. Taiga forest types with the lowest N and P concentrations in the forest floor (white spruce and black spruce) also have higher lignin concentrations. Birch seedlings grown in these materials displayed the lowest seedling yields and concentrations of N and P in plant tissue compared with seedlings grown in forest floors with higher N and P concentration and lower lignin content Harrison 1985, Van Cleve et al. 1986 ). The physical environment controls soil organic matter dynamics through a complex role in taiga systems. During summer, soil temperatures in early successional communities become high enough to allow rapid microbial activity, while later in succession a thick mosscovered forest floor insulates soils and they stay cold. The interior of Alaska is semiarid with episodic summer rains. This may cause changes in microbial activity directly in response to changes in moisture (Schlentner and Van Cleve 1985) , but may also alter the microbial population as drought stress and wetting events kill microbes (Clein and Schimel 1994) . Microbial death releases nutrients (Kieft et al. 1987) , resulting in the potential for leaching, rapid microbial turnover, and nutrient uptake by trees.
Because of the complexity of these interactions, not only on single site types but across successional sequences, we hypothesized that energy which becomes less available as succession advances limits microorganism function in the forest floor. This energy limitation controls the nutrient availability for plant growth and the distribution of carbon and nutrients within the plant. The work presented in this paper addresses the effect of moisture availability, microbial energy supply, low-level nitrogen fertilization, and landscape position (upland vs. floodplain) on tree foliar chemistry. Changes in tree foliar chemistry as a result of treatment are then indicators of changes in microbial activity that, in turn, controls tree nutrient supply.
METHODS

Sites
We sampled three upland (UP) secondary and four floodplain (FP) primary successional stages for tree foliar chemistry in interior Alaska. All sites were located in the area of Bonanza Creek Experimental Forest -20 km southwest of Fairbanks, Alaska. The sites represented key stages in both successional sequences from early stages to mature white spruce (Picea glauca) sites (Table 1) . Viereck et al. (1986 Viereck et al. ( , 1993 describes the successional sequence. We selected three replicates (a total of 21 sample sites) of each successional stage. The treatment plots were 10 X 15 m in size, except in the FP4 and UP3 stages, which were 15 X 15 m in size. The larger plots in these two stages were necessary so that we had a sufficient number of overstory trees to sample within plot boundaries.
Treatments
We applied three nutrient-amendment treatments to all sites: addition of sugar (sucrose), sawdust, and nitrogen fertilizer (NH4NO3). The sugar and sawdust treatments were designed to increase the carbon: nitrogen ratio (C/N) of the forest floor to values typical of late successional communities (C/N = 50). The nitrogen fertilizer addition was designed to equal estimated yearly N mineralization in an attempt to double plant available nitrogen. Because the treatments were designed to make specific changes in factors that should (Table  2 ). We applied sawdust and sugar treatments once. We applied the sawdust treatment by hand, mixed with the surface organic layer, during July and August 1989; the sugar treatment during May of 1990, prior to tree growth; and the fertilizer treatment yearly in May prior to tree growth. We established a nontreated control plot at each replicated site.
In the UP2 and FP3 sites a summer-rainfall exclusion (drought) treatment was established. Rainfall was drained off the site by constructing a sloping roof (10 x 15 m) at -2 m above the experimental plots (Plate 1). Holes in the roof were placed around each tree stem. A dam was constructed on top of the roof, upslope of each tree stem, to channel the water around the hole necessary for the stem and subsequently off the plot. The roof was made from corrugated greenhouse panels and was put in place each spring and removed in the fall prior to snowfall. The priority for the treatment was to exclude summer rainfall and allow snowcover to maintain the appropriate winter soil temperature and to recharge soil moisture during the spring of each year. The drought treatments were initially constructed in the early summer (May and June) of 1990.
Foliage sampling A tree and shrub bioassay (Binkley and Vitousek 1989) was used to investigate the treatment effects on vegetation foliar chemistry. We sampled tree and shrub foliage prior to treatment in 1989 and again at approximately the same time period (mid-July) for two years following treatment (1990 and 1991) . We randomly selected a total of five individuals per dominant tree and shrub species on each plot and collected current foliage within as short a time period as possible, returning to the laboratory on a daily basis to dry and analyze the samples. We collected foliage samples as close to peak season growth as possible, and collected only the current year's tissue for white spruce. Foliar material from the upper canopy was collected either by hand, with a pole pruner, or with the use of a shotgun, depending on the height of the sample tree.
Chemical analysis
Foliage samples were dried at 65?C, then ground for determination of total Kjeldahl N (Bremner and Mulvaney 1982) , P, K, Ca, Mg (Van Cleve and Viereck 1972) , and C (Nelson and Sommers 1982) .
Statistical analysis
The analysis of variance was designed to look at the differences between landscape units (floodplain vs. upland), successional stages within landscape unit, and treatment effects for each species within each successional stage. Tukey's studentized range was used to test the differences between landscape means. The analysis of variance and means testing for landscape units and successional stage within landscape unit used Proc GLM in the SAS statistical package (SAS 1989) . The least-squares means test was used for testing differ-PLATE 1. Summer rainfall-exclusion plot in the FP2A site. The cover is put in place every spring and taken down in the fall to allow for standard snowfall effects. years (1990, 1991) for the treatment effect.
ences between successional stages within landscape units. The treatment differences within each site for each species were tested using the estimate function within proc GLM (SAS 1989) as recommended by Milliken and Johnson (1992) . This procedure handled the problem of missing treatment combinations within the analysis of variance. We tested for differences in the foliar concentrations of nitrogen, phosphorus, and carbon, and the C/N and nitrogen: phosphorus (N/P) ratios for each species within each landscape position and successional stage, and as a result of treatment in each successional stage. A repeated-measures analysis was not considered appropriate because we did not sample the same trees yearly. This sampling restriction reduced damage to individual trees over the experimental time period.
Interpretation of results of the statistical analysis of treatment effects was complicated when significant differences between treatment plots were found prior to treatment (1989) . In these cases treatment differences were considered significant if there was a change in the relationship between the control and treatment plot. For example, if there was a pretreatment significant difference between the foliar chemistry in the control and a treatment plot (i.e., control =# treatment) that was not found in the years following treatment (1990, 1991) (i.e., control = treatment), then the treatment was considered to have an impact on the foliar chemistry of the species.
RESULTS
We present detailed tables of the results of the statistical analysis of the foliar chemistry in Appendix 1.
Nutrient concentrations of foliage
Nitrogen.-On the floodplain in 1990, sugar addition resulted in a decrease in foliar N concentration for poplar in site FP2 and for white spruce in site FP3 (Table  3 ). These differences were absent in 1991. Fertilizer treatment resulted in an increase in N concentration for alder during 1990, and for white spruce during 1990 and 1991 on FP3 sites. Fertilizer increased nitrogen concentrations for FP2 poplar only in 1991. The drought treatment decreased nitrogen concentrations for white spruce both in 1990 and 1991 on the FP3 site.
In the uplands sugar addition decreased foliar N concentration in UPI birch in 1990 and 1991, UP2 birch in 1990, UPI aspen in 1990, and UP3 alder-in 1990. White spruce showed a significant increase in foliar N as a result of sugar treatment in the UP2 site for both 1990 and 1991. The sawdust treatment resulted in an increase in nitrogen concentrations of UP2 white spruce for 1991. Fertilization increased N concentration for this species in 1990 and 1991 at the UP2 site. The summer drought treatment caused a decrease in N concentration for birch and an increase for white spruce in 1990 and a decrease in white spruce N concentration in 1991 on the UP2 site.
Phosphorus.-Phosphorus concentration for FP2 alder significantly decreased in 1991 as a result of sugar application (Table 4) . Sawdust decreased foliar phosphorus concentration of FP3 alder in 1991. Summer drought decreased P concentration in FP3 white spruce in 1991.
Fertilizer and sugar treatment decreased P concentration for UPI birch in 1991. This was a difficult trend to analyze because these treatment plots started at significantly lower values than the control prior to treatment (Table Al) . However sawdust did result in a lower P concentration in 1991 in UPI sites. Both sugar and drought treatments resulted in a decrease in P concentration for birch on the UP2 site in 1990. Sugar reduced the phosphorus concentration in aspen in 1990 on both the UP1 and UP2 sites. The 1990 poplar P concentrations declined as a result of sugar and fertilizer treatments in UP2. This difference was also found for the fertilizer treatment in 1991. Sawdust increased poplar P concentrations in both 1990 and 1991 on UP2 sites. Sawdust and sugar caused a decline and fertilizer an increase in UP3 alder in 1990. The P concentrations for white spruce decreased as a result of sugar and sawdust treatment in 1990 on UP3 sites. Sugar, fertilizer and drought increased UP2 white spruce P con- t Values are coded as direction of treatment effect (+ or -), species common name, and (year) if there was a difference between years (1990, 1991) for the treatment effect. centrations in 1990. Drought decreased and fertilizer increased white spruce P concentrations in 1991 on UP2 sites.
Carbon.-Treatment with sawdust and fertilizer caused a significant decline in poplar foliar carbon at FP2 in 1991. Sawdust application caused an increase of foliar C in FP3 poplar for 1990 and 1991. The FP3 alder showed a decline in carbon concentration on the sawdust plot in 1990 and an increase in all treatment plots in 1991. The sugar treatments caused a decrease in white-spruce C concentrations in 1991 on FP3 sites and in 1990 and 1991 on FP4 sites. Fertilization of the FP4 sites caused a decrease in carbon concentrations for white spruce in 1990 and 1991.
Sawdust treatment on upland sites caused a decrease in C concentration for UP2 birch in 1991 and for UP2 poplar in 1990, and an increase for UP3 white spruce in 1990. Sugar treatment caused a decrease in C concentrations for 1991 UP2 birch and an increase for 1990 UP3 alder.
Carbon: nitrogen ratios.-Sugar additions caused an increase in 1990 and fertilization a decrease in 1991 in FP2 poplar C/N (Table 5) . Fertilization resulted in a decrease in 1990 and 1991 in FP3 alder and white spruce C/N. Sugar addition caused an increase in FP3 white spruce C/N in 1990 and 1991.
Fertilization on upland sites caused a decline in C/ N in 1991 for UPI aspen, in 1991 for UP2 white spruce, and in 1990 for UP3 white spruce. Sugar caused a C/ N ratio increase in 1990 in UPI aspen and UP3 alder. The summer drought treatment caused a C/N ratio increase in 1990 for UP2 birch, while for UP2 white birch this treatment produced a decrease in C/N ratio in 1990 and an increase in 1991.
Nitrogen: phosphorus ratios.-Sawdust application decreased poplar N/P for FP2 in 1990 and sugar treatment decreased poplar N/P at FP3 in 1991, while fertilizer and drought treatments increased poplar N/P at FP3 in 1990. Sugar application increased FP2 alder N/ P in 1990 and 1991. Fertilization increased FP3 alder N/P in 1990 and 1991. Application of sawdust, sugar, and the drought treatment decreased N/P of white spruce at FP3 in 1990. Fertilization increased N/P of UPI aspen in 1990 and 1991, and sugar application increased the ratio in 1990 on UPI and UP2 sites. Sugar treatment caused an increase and fertilization a decrease in UP3 alder in 1990. The drought treatment increased the 1990 N/P for UP2 white spruce.
Landscape position
We expected landscape position to affect foliar chemistry to a significant degree. The floodplain sites represented a primary successional sequence that developed on soils with high pH (Marion et al. 1993 , Van Cleve et al. 1993a compared to the secondary successional upland stands that develop after fire (Van Cleve et al. 1983a, b) . It was expected that phosphorus availability in upland stands would result in higher foliar phosphorus concentrations than found in the floodplain stands (Fig. 1) , due to the slightly acidic nature of the upland mineral soil and the influence of fire in replenishing the pool of mineral-soil phosphorus (Dyrness et al. 1989) . The average foliar concentration of phosphorus across all species and years of observation was 0.233% of dry mass in the uplands and 0.119% on the floodplain.
There is the potential for floodplain species to have higher foliar nitrogen concentrations due to the presence of dense stands of alder in early successional stages. However, only birch in the floodplain stands showed a consistently higher nitrogen concentration when compared to uplands stands. Foliar nitrogen concentrations were significantly higher in white spruce growing in the upland than on the floodplain. One possible explanation would relate to the secondary chemistry of white spruce and accompanying species. It is expected that the turnover of organic matter under birch would be more rapid than under white spruce (Van Cleve et al 1983b) . The greater presence of balsam poplar on the floodplain would complement this. The combination of white spruce and balsam poplar could lead to a forest floor with slower nitrogen turnover rates and as a result lower concentrations of foliar nitrogen when compared to the white spruce-birch-balsam poplar mixture found in the uplands.
Sites within each landscape position
The individual sites within each landscape position replicate the respective successional stages. We found a number of significant differences in the year prior (1989) to treatment (Appendix 1), which indicates differences due to the successional development of the sites. Several of the sites showed differences in the years following treatment, indicating a significant effect due to treatment; however, we cannot assign the change in foliar chemistry to a specific treatment.
We found a significantly lower nitrogen concentration prior to treatment for birch in the UPI and UP2 sites and for alder in the FP2, FP3, and FP4 sites. Any significant differences in phosphorus concentrations before treatment were still present the two years following treatment. Carbon:nitrogen ratios were higher in the UPI sites compared to the UP2 sites for aspen, while birch showed a higher ratio in the UP2 sites compared to the UPI sites in the year prior to treatment and in 1991. In the year following treatment the C:N ratio was unchanged for birch in upland sites and significantly increased for white spruce on the UP2 and UP3 sites. FF UU U p P P P P P P P P P P P P P pared to the UP1 sites, for white spruce on the UP3 sites compared to the UP2 sites, and for poplar on the FP3 sites compared to the FP2 sites. These results changed only for aspen in the year following treatment when we found a difference between the UP1 and UP2 sites, for white spruce when a difference between the FP4 and FP3 sites was reported, and again for alder where the year-to-year differences were not consistent between sites. DISCUSSION We hypothesized that energy supplies limit the functioning of microbial components of forest ecosystems in interior Alaska while nitrogen supply primarily limits vegetation growth. However the feedback between litterfall chemical quality (which is related to nutrient uptake by the vegetation) and the decomposition process made the puzzle difficult to unravel. On single site types we hypothesized that the function of microorganisms in the forest floor is limited by the energy supply. In addition, this energy limitation becomes greater as succession advances. The microbial energy limitation results in a nutrient limitation for plant growth.
Successional aspects of forest-floor nutrient availability
In both upland and floodplain successional sequences, the availability of carbon for soil microbial activity will decrease (Flanagan and Van Cleve 1983, Van Cleve et al. 1993b ). In most cases this results from the control exerted by decreasing litter chemical quality of the dominant species on the forest-floor element supply across the successional sequences. Using the C/N ratio to indicate foliage quality for decomposition, we found only a small difference for aspen and birch between the upland sites in which they were present (Table A2 ). The trend was also different between these two species; the C/N ratio increased for birch but decreased for aspen over succession. White spruce foliage showed no differences between successional stages. The greatest differences in C/N ratio were found between species. In the upland and floodplain successions, hardwoods dominated the earlier stages while conifers dominated the later successional stages. The C/N ratio for the hardwood species averaged -24 while that found for white spruce was =50 (Fig. 1) . The differences are the result of lower nitrogen concentrations in the white spruce compared to the hardwood species (Table Al) . Foliar nutrient concentrations of white spruce can be significantly higher when sufficient nitrogen is available either to young plants (Yarie 1993) or to fertilized older individuals (Van Cleve and Zasada 1976) . In addition, there is a decrease in foliage quality across successional stages for the concentrations of nitrogen and lignin (Table 6 ). In the uplands typical of interior Alaska the concentration of foliar lignin tended to increase from early to late successional stages generally as a result of species changes (Tables 1 and 6 ). This trend resulted in a substantial increase in the lignin/N ratio from early successional species (3.5) to later successional species (12.5) ( Table 6 ). On the floodplain the supply of mineral N has been shown to dramatically decline with advancing succession as the litter lignin/ N ratio increases (Van Cleve et al. 1993b) .
If microbial activity is carbon limited and increases as a result of carbon addition, then the microbial population expands and immobilizes additional nitrogen. This results in decreased foliar concentrations until the added carbon source is exhausted and microbial activity and biomass decrease. At this time, at least a portion of the microbial nutrients should become available for tree uptake. We anticipated this result from the sugar treatment. Sugar addition resulted in significant decreases in foliar nitrogen concentrations in poplar and white spruce on the floodplain in the year following treatment. In the subsequent year the foliar N concentrations increased to pretreatment levels. This result indicates that the microbial community was carbon limited and that the sugar treatment increased microbial activity, lowering nitrogen availability until the added carbon was exhausted. This result is consistent with the impact of C addition to a C-limited system predicted by Bosatta and Berendse (1984) and as White et al. (1988) saw.
The upland sites showed a stronger negative response to carbon addition. Nitrogen concentrations decreased as a result of sugar treatment for birch, aspen, poplar, and alder. This decrease lasted for the 2 yr of sampling following treatment for birch. However white spruce actually showed an increase in foliar nitrogen concentration in the UP2 sites. This increase resulted from a smaller decrease in nitrogen concentrations in the treated plots compared to the control plot. Prior to treatment the foliar N concentration of the sugar plot was significantly lower than the control plot. In the years following treatment the sugar and control plots were not significantly different, indicating an increase in the concentration found in the sugar plots or at least a smaller decline in the sugar plots compared to the control plots.
In contrast to the sugar treatment, we expected the sawdust treatment to be a long-term source of available carbon to the microbial community. The result should be a long-term increase in the biomass and activity of the microbial community and an increase in the nutrient stress experienced by trees. Sawdust treatment decreased birch foliar nitrogen concentration in the UP1 site in the second year following treatment. The delay is attributed to the fact that white spruce sawdust (the treatment) decomposes slower than sugar so that the carbon source should become available over a longer time period. We anticipate subsequent sampling ofthese plots will show additional decreases in foliage nutrient concentrations.
We expect that carbon and nitrogen availability will decrease in later successional stages. White spruce produces higher levels of recalcitrant compounds than the early successional hardwoods (Table 6) (Van Cleve et al. 1993b ). The sugar and sawdust treatment results support the hypothesis that energy limits microorganism function in the forest floor, where energy becomes less available as succession advances.
Landscape position
A critical value for the N/P ratio in the range 8-10 ( Ericsson and Ingestad 1988, Sands et al. 1992 ) is a suggested level at which phosphorus becomes the limiting growth nutrient when compared to nitrogen. At values less than the critical ratio nitrogen is the primary limiting nutrient, while at values >8-10 phosphorus is the primary limiting nutrient. When comparing floodplain and upland stands, floodplain sites should have the greatest potential to display a phosphorus limitation. The average N/P ratio was 14.3 on the floodplain and only 8.2 in the upland across all species and years. However, there was large variability among species in both the upland and floodplain. Birch, alder, and poplar appeared to be limited by phosphorus on the floodplain (average N/P ratio of 16.7), while w-hite spruce displayed a N/P ratio of 8.1. In the uplands all species except alder (average ratio of 14.6) displayed ratios <8.5. This potential phosphorus limitation in alder could be the result of alder's symbiotic nitrogen-fixing capability (Hughes and Gessel 1968, Binkley et al. 1994) . The phosphorus limitation on the floodplain is also related to the phosphorus sorption capacity of the alkaline floodplain soils (Marion et al. 1993) . The factors that enhance the capability of white spruce to obtain sufficient phosphorus in floodplain stands compared to the other species is unknown at this time. One possibility relates to the rooting distribution of white spruce compared to poplar (R. W. Ruess, personal communication). If white spruce fine roots are primarily present in the organic layer, then the phosphorus sorption capacity of the mineral soil may not play a role in the phosphorus nutrition of white spruce. The nutrition of white spruce would depend on the decomposition rate of the forest floor. The acidity of the forest floor increases with advancing succession. Then the conditions encountered in white spruce forest floor favors improved P availability (Van Cleve et al. 1993a ). There is a small decline in surface mineral-soil pH from -7.5 in early successional stages to 6.5 in older white spruce stands. Finally, mycorrhizal relationships can play a differential role among tree species in their ability to augment phosphorus uptake.
Nitrogen availability
The fertilizer treatment was designed to double available N for each site on a yearly basis. The microbial community could have used the added nitrogen if it were N-limited; or it could be taken up by the trees, resulting in an increase in foliar nitrogen concentration of the trees. In the mature site types (UP3 and FP4) the added nitrogen could have been taken up by the moss layer prior to moving into the tree root zone. In the case of UP3 and FP4 sites an increase in the tree foliar nitrogen concentration would not have been seen until the moss with higher N started to decompose, S5 yr after the start of treatment. Moss did not exert any substantial influence on element cycling in UP1, UP2, FP1, FP2, and FP3 sites. The fertilizer application did increase foliar nitrogen concentration for birch in the UP1 sites and for white spruce in the UP2 and FP3 sites. Poplar and alder also showed an increase in foliar N after treatment in the FP2 and FP3 sites, respectively. These results are consistent with the hypothesis that the microbial community is C limited. If the microbial community had been nitrogen limited, an increase in nitrogen would have stimulated microbial activity making even more nitrogen available as a result of fertilization. Bosatta and Berendse (1984) predicted this scenario. Flanagan and Van Cleve (1983) asked if it is possible to supply energy sources to mature taiga forest ecosystems and release sufficient nutrients to avert the use of fertilizers to increase forest productivity. Bosatta and Berendse (1984) hypothesized that regardless of the nutrient limitation (carbon or nitrogen) the net effect of the treatment type (carbon or nitrogen additions) on N mineralization would be the same. If carbon were added then N mineralization would decrease in both nitrogen-and carbon-limited systems, and if nitrogen were added N mineralization should increase in both nitrogen-and carbon-limited systems. This was the result of sugar treatment for both nitrogen and phosphorus as measured by the response in foliar chemistry (Tables 3 and 4 ) across all of our successional stages except the floodplain white spruce forests. The sawdust treatment was expected to be a long-term source of available carbon. The carbon source would increase the biomass and activity of the microbial community and increase the nutrient stress experienced by trees over a longer time period. In general our results agree with trends Bosatta and Berendse (1984) suggested. Sugar treatments decreased foliar nitrogen except for white spruce while fertilizer tended to increase foliar nitrogen. In the second year following sugar treatment foliar nitrogen concentration did not increase, contrary to the suggestion of Flanagan and Van Cleve (1983) . Our results do support the theoretical work of Bosatta and Berendse (1984) .
Moisture availability
Interior Alaska is relatively arid, and the potential for summer drought may become greater as a result of global climate change. Approximately 63% of the annual precipitation occurs as rain from May through mid-October. Total average precipitation for Fairbanks is 269 mm while the potential evapotranspiration is 466 mm (Patric and Black 1968) . The summer drought treatment was expected to reduce microbial activity and lower foliar nutrient concentrations in the uplands. On the floodplain, the potential influence of the river level in supplying moisture to the trees and the microbial community was not clear. The summer drought treatment did reduce values of soil respiration as measured beneath a box inverted on the soil surface (invertedbox respiration; see Schlentner and Van Cleve 1985 for technique) compared to control plots on the floodplain (K. Van Cleve, unpublished data). If trees obtain sufficient moisture from the groundwater on the floodplain and the microbial community is subjected to drying conditions due to the summer drought treatment, the foliar chemistry should change. Reduced moisture availability to the floodplain forest floor could decrease foliar N and P concentrations as a result of decreases in decomposition, while there is no change in photosynthetic uptake of carbon due to moisture stress because the trees obtain most of their water from deeper horizons. This indicates a functional difference between surface and deep roots. Surface roots may be responsible for a large portion of nutrient uptake while deeper roots could supply most of the water to the tree. The net effect could be an increase in the C/N ratio of current foliage and eventually of litterfall. In upland sites, drought may have a compensatory effect on both carbon and nitrogen concentrations with no net effect on the C/N or C/P ratios.
Drought did decrease foliar nitrogen and phosphorus concentrations in white spruce in both upland and floodplain sites and in birch only in the upland sites.
The decrease could have resulted from a lack of moisture in the surface organic layers, which could decrease microbial activity in the forest floor. No significant change was found in carbon concentrations of the plants sampled. The lack of a change in carbon concentration indicates that the trees obtained sufficient moisture from soil or groundwater (floodplain) sources. There are a number of buried organic layers present in the soil profile on the floodplain resulting from periodic flooding events. These layers could aid white spruce in both their nitrogen nutrition and moisture relationships. White spruce roots are quite common in these layers. The net effect of the drought treatment was an increase in the foliar C/N ratio in these species.
One additional possibility relating to tree moisture availability is that the treatment was designed to create a summer drought. Each winter the shelter was removed so the plots would receive snowfall and maintain normal soil temperature dynamics. Spring snowmelt may represent a substantial fraction of the growing-season moisture requirements for the tree species in interior Alaska. As a result summer drought may not cause a significantly larger reduction in photosynthesis than current summer rainfall patterns. The net effect of summer drought would simply be in forest-floor microbial activity responsible for decomposition and nutrient mineralization.
In the future we will include utilization of existing models to more clearly describe the decomposition dynamics that we saw as a result of carbon, nitrogen, or drought treatments. We anticipate that the modeling work should replicate the trends in foliar nitrogen concentration and show a clear connection between the effect of treatment dynamics on forest-floor decomposition and foliar nutrient content. We will hopefully be able to describe the long-term dynamics of the sawdust treatment and the yearly application of low levels of nitrogen fertilizer. 
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